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Summary 


• This  report  has  been  prepared  in  response  to  a request  from  Alberta  Health  and 
Wellness  for  an  update  on  advice  provided  in  earlier  assessments  by  the  Foundation 
on  stereotactic  radiosurgery  (SRS)  treatment. 

• The  present  report  is  consistent  with  findings  from  assessments  by  other  agencies 
that  the  quality  of  the  available  evidence  on  SRS  effectiveness  in  comparison  with 
other  types  of  treatment  is  limited. 

• There  is  still  no  evidence  that  any  one  form  of  SRS  is  superior  over  another.  There  is 
some  indication,  from  small  studies,  of  similar  outcomes  from  the  Gamma  Knife 
(GK)  and  focused  linear  acceleration  (LINAC)  versions  of  SRS. 

• There  is  increasing  use  of  fractionated  stereotactic  radiotherapy  (FSRT)  as  an 
alternative  or  supplement  to  SRS.  There  is  some  indication,  from  small  series,  that 
FSRT  may  have  advantages  over  SRS  in  some  situations  in  terms  of  incidence  of 
complications. 

• A version  of  SRS,  using  robotic  technology  (the  Cyberknife),  that  enables  treatment 
in  any  part  of  the  body  is  now  commercially  available  and  preliminary  clinical 
results  have  been  published. 

• The  GK  approach  is  more  expensive  than  that  using  standard  LINAC  approaches  or 
FSRT.  Costs  of  using  recent  developments  in  LINAC  technology  are  not  yet  clear. 
The  need  remains  to  go  beyond  cost  analysis  to  economic  evaluation,  taking 
appropriate  account  of  local  circumstances. 

• Many  journal  articles,  as  well  as  HTA  reports,  confirm  advice  given  in  earlier 
AHFMR  assessments  that  excellent  quality  assurance  and  placement  of  SRS  in 
specialized  centres  are  essential. 

• On  the  basis  of  information  available  in  the  published  literature,  conclusions  on  the 
place  of  SRS  in  the  applications  considered  in  the  assessment  are  as  follows: 

> Acoustic  neuroma:  Microsurgery  remains  the  treatment  of  choice  for  many 
patients.  SRS  has  a useful  place  where  surgery  would  have  an  ui'iacceptable  risk 
or  be  refused.  Long  term  follow  up  data  on  SRS  treatment  are  still  comparatively 
limited.  FSRT  appears  to  have  potential  as  an  alternative  to  LINAC  or  GK  SRS. 

> AVMs:  Microsurgery  and  SRS  should  be  regarded  as  complementary 
approaches.  Surgery  is  preferred  if  the  lesion  can  be  safely  excised.  Further 
information  is  emerging  on  longer  term  complications  of  SRS. 

> Trigeminal  neuralgia:  There  are  a number  of  options  for  treatment  of  trigeminal 
neuralgia  and  the  place  of  SRS  in  its  management  does  not  seem  to  be 
established. 
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> Brain  metastases:  SRS  has  a place  in  the  management  of  appropriately  selected 
patients,  is  a useful  option  when  the  patient  is  not  a candidate  for  surgery  and 
may  offer  advantages  through  relief  of  neurological  symptoms.  SRS  plus 
radiotherapy  appears  more  effective  than  radiotherapy  alone. 

> Brain  tumours:  SRS  appears  to  be  a useful  adjunctive  treatment,  though  with 
reletively  limited  success  with  malignant  glioma,  in  appropriately  selected 
patients.  It  is  helpful  where  surgery  is  not  possible  or  carries  unacceptably  high 
risks. 

> Parkinson's  disease:  Encouraging  results  have  been  reported  by  one  centre,  but 
the  place  of  SRS  in  the  treatment  of  Parkinson's  Disease  does  not  appear  to  be 
established. 

> Epilepsy:  The  efficacy  of  SRS  in  the  management  of  epilepsy  appears  not  to  have 
been  established,  other  than  in  association  with  its  use  in  treatment  for  AVMs  or 
brain  tumours. 

• SRS  is  now  being  used  in  Alberta,  with  a LIN  AC  facility  at  the  Tom  Baker  Cancer 
Centre,  Calgary  for  treatment  of  malignant  disease. 

• Any  referral  of  patients  from  Alberta  for  SRS  treatment  outside  the  province  should 
be  to  centres  of  excellence  with  experience  in  management  of  the  condition  in 
question,  and  take  account  of  the  availability  of  other,  appropriate,  treatment 
options. 
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Abbreviations  and  Acronyms  Used  in  the  Report 

AOVM:  Angiographically  occult  vascular  malformation 

AVM:  Arteriovenous  malformation 

FDA:  US  Food  and  Drug  Administration 

FFP:  Freedom  from  progression 

FSRT:  Fractionated  stereotactic  radiotherapy 

GBM:  Glioblastoma  multiforme 

GK:  Gamma  Knife 

GOS:  Glasgow  Outcome  Scale 

Gy:  Gray 

KPS:  Karnofsky  Performance  Status 

LIN  AC:  linear  accelerator  - based  radiosurgery 

LYS:  Life  years  saved 

MRI:  magnetic  resonance  imaging 

MS:  multiple  sclerosis 

NF2:  Neurofibromatosis  Type  2 

NSCLC:  Non  small  cell  lung  cancer 

PRL:  Prolactin 

QALY:  Quality  adjusted  life  year 

QOL:  quality  of  life 

RCT:  Randomised  controlled  trial 

RF:  Radiofrequency 

RPA:  Recursive  partitioning  analysis 

RTOG:  Radiation  Therapy  Oncology  Group 

SCLC:  Small  cell  lung  cancer 

SRS:  Stereotactic  radiosurgery 

SS:  Statistically  significant 

TGN:  trigeminal  neuralgia/  neuropathy 

UPDRS:  Unified  Parkinson's  Disease  Rating  Scale 

WBRT:  Whole  brain  radiotherapy 

XRT:  External  beam  radiotherapy 
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Introduction 


This  report  has  been  prepared  in  response  to  a request  from  Alberta  Health  and 
Wellness  for  updated  advice  on  the  use  of  stereotactic  radiosurgery  (SRS)  treatment. 

The  request  was  in  the  context  of  referral  of  persons  for  SRS  treatment  at  centres  outside 
the  province.  In  1998,  AHFMR  undertook  an  assessment  of  SRS,  a form  of  radiotherapy 
which  uses  a focused,  conformal  radiation  dose  to  treat  lesions  in  the  brain  There  was 
interest  at  the  time  in  regard  to  referral  of  patients  outside  the  province  for  SRS 
treatment,  which  was  not  available  in  Alberta. 

The  Foundation  also  prepared  a separate  assessment  of  treatment  options  for  acoustic 
neuroma,  considering  both  SRS  and  microsurgery  2.  Separate  brief  reports  have  been 
prepared  on  application  of  SRS  to  metastatic  melanoma  ^ and  on  a new  type  of  SRS 
device,  the  CyberKnife  The  present  request  from  the  ministry  arose  because  of 
continuing  questions  regarding  appropriate  options  for  referral  of  patients  for  SRS  and 
other  treatments,  and  need  for  advice  on  any  significant  technical  developments. 

The  1998  AHFMR  report  noted  that  there  had  been  several  previous  reports  on  SRS  by 
health  technology  assessment  agencies.  The  Foundation's  assessment  confirmed 
findings  from  these  other  assessments  that: 

• the  quality  of  the  available  evidence  on  the  effectiveness  SRS  was  limited; 

• there  was  insufficient  information  to  determine  the  comparative  effectiveness  of  the 
two  most  common  approaches  approaches,  the  Gamma  Knife  (GK)  which  uses 
cobalt  - 60  sources  to  provide  radiation,  and  the  focused  linear  accelerator  (LINAC) 
which  uses  a modified  version  of  standard  radiotherapy  equipment. 

• data  on  comparison  of  SRS  with  other  types  of  treatment  were  also  limited; 

• the  GK  approach  was  more  expensive  than  that  using  the  LINAC; 

• excellent  quality  assurance  and  placement  of  SRS  in  specialized  centres  were 
essential. 

The  potential  SRS  caseload  for  Alberta  was  uncertain,  but  might  be  30  to  50  per  year. 
Treatment  using  an  Alberta-based  LINAC  SRS  facility  might  cost  about  $4,000  per  case, 
at  a caseload  of  30  per  year,  compared  to  $8,000  to  $11,000  for  LINAC  SRS  treatment  in 
Ontario  and  approximately  $30,000  with  GK  SRS  in  the  U.S.A. 

The  AHMR  assessment  on  treatment  options  for  acoustic  neuroma  2 noted  that 
microsurgery  was  the  primary  treatment  option  and  that  there  was  evidence,  from 
methodologically  weak  studies,  that  SRS  was  efficacious  in  treatment  of  this  type  of 
tumour  in  suitably  selected  patients.  There  was  limited  evidence  on  the  comparative 
effectiveness  of  these  two  approaches,  both  of  which  had  short  and  long  term 
complications. 
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The  approach  taken  for  the  present  assessment  has  been  to  consider  the  recent  literature 
that  has  emerged  since  completion  of  the  two  previous  AHFMR  HTA  reports.  All 
applications  of  SRS  are  considered,  with  an  emphasis  on  clinical  outcomes.  No  detailed 
consideration  has  been  given  either  to  technical  details  of  SRS  equipment  or  approaches 
to  its  operation.  Neither  has  there  been  a detailed  appraisal  of  the  quality  of  the  studies 
that  have  been  located,  though  comment  related  to  methodological  issues  is  made  on 
some  studies.  The  methodology  used  for  the  assessment  is  outlined  in  Appendix  A. 
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Technical  issues 


No  detailed  appraisal  or  description  of  technical  issues  related  to  SRS  has  been 
undertaken  for  this  assessment.  The  following  brief  details  on  a number  of  matters 
related  to  equipment  and  different  technology  that  have  emerged  since  the  previous 
reports  are  presented  as  further  points  for  consideration  in  taking  decisions  on  use  of 
radiosurgery  services  for  Albertans. 

Stereotactic  radiotherapy 

On  reviewing  the  literature  for  this  assessment,  it  was  apparent  that  a number  of 
reports  had  emerged  on  the  use  of  fractionated  stereotactic  radiotherapy  (FSRT).  The 
1999  AHFMR  report  2 concluded  that  fractionated  radiation  through  the  LINAC 
approach  might  have  an  advantage  over  standard  approaches  to  SRS  but  that  good 
evidence  of  benefit  from  fractionation  in  treatment  of  acoustic  neuroma  had  yet  to 
emerge. 

Data  on  FSRT  in  comparison  with  SRS  and  microsurgery /XRT  are  still  limited,  but  from 
the  studies  reviewed  for  this  assessment  there  do  appear  to  be  some  indications  of 
comparative  benefit.  FSRT  will  need  to  be  considered  as  an  alternative  option  to  SRS.  A 
1999  Canadian  commentary  ^ indicated  that  experience  with  this  approach  suggested 
that  it  would  find  a role  in  intracranial  treatment,  and  some  details  on  its  application  to 
treatment  of  brain  tumours  are  given  by  Becker  et  al. 

Kondziolka  et  al.  in  discussion  of  treatment  of  SRS  for  meningioma,  make  the  point 
that  although  FSRT  confines  radiation  more  than  conventional  fractionated 
radiotherapy,  it  is  not  a conformal  irradiation  approach.  The  volume  of  the  brain  that  is 
irradiated  exceeds  that  irradiated  in  SRS,  though  the  consequent  effect  may  be  lessened 
by  the  number  of  fractions.  Presumably,  this  distinction  will  become  less  clear  as  newer 
types  of  LINAC  devices,  which  offer  conformal  planning  and  delivery  of  radiation, 
become  more  widely  available. 

Intensity  - modulated  radiation  therapy  (IMRT),  which  uses  non-  uniform  radiation 
beams  to  achieve  conformal  dose  distribution,  is  a further  emerging  option  Benedict 
et  al.  10  describe  analysis  of  four  cases  involving  small  brain  lesions  where  an  intensity- 
modulated  stereotactic  radiosurgery  approach  was  used  to  model  treatment  planning. 
They  conclude  that  IMSRS  demonstrated  significant  dosimetric  improvements  for 
small,  irregularly  shaped  lesions  of  the  brain  when  compared  to  treatments  using 
multiple  static  fields  or  standard  SRS  arc  techniques  with  circular  collimators. 

Developments  with  LINAC  technology 

In  an  article  presenting  an  exchange  of  views  between  users  of  LINAC  and  GK  versions 
of  SRS,  Bova  draws  attention  to  the  advent  of  multi  leaf  collimators  for  high 
resolution  intensity-modulated  planning,  extra-cranial  approaches,  fractionated 
stereotactic  radiotherapy  systems  and  high  dose  rate  LINACS. 
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A further  SRS  system  that  is  now  commercially  available  is  the  CyberKnife,  a LINAC- 
based  device  that  makes  use  of  robotic  manipulation  to  position  the  accelerator.  This  is 
a significant  addition  to  the  range  of  options  for  SRS,  as  the  device  can  be  used  to  treat 
lesions  an)rwhere  in  the  body,  rather  than  only  in  the  head.  The  CyberKnife  was 
approved  by  the  FDA  in  August  2001  for  radiosurgery  for  lesions  anywhere  in  the  body 
where  radiation  treatment  is  indicated.  Chang  et  al.  provided  preliminary  results  on 
the  use  of  the  system  in  treating  72  patients  with  malignant  intracranial  tumours  A 
report  by  Inoue  et  al.  refers  to  use  of  the  CyberKnife  in  Japan  between  1998  and  2000 
for  treatment  of  136  sites  (67  of  which  were  brain  metastases)  in  94  patients. 

Developments  with  cobalt  60  - based  systems 

The  Model  C Gamma  Knife  was  introduced  in  1999  and  includes  an  automated  patient 
positioning  system,  an  option  to  use  this  to  establish  the  coordinates  for  each  iso  centre 
and  an  integrated  helmet  changer.  This  may  reduce  total  time  required  to  complete 
treatments 

A rotating  SRS  device  known  as  the  rotating  gamma  system  has  been  developed  in 
China.  This  uses  30  cobalt  - 60  sources  in  a revolving  hemispheric  shell  that  is  aligned 
with  a coaxial  shell  with  groups  of  collimator  holes  that  can  be  selected  to  produce 
different  beam  diameters 

Reliability  of  SRS  approaches 

In  the  exchange  of  views  between  Bova  and  Goetsch  n,  reference  is  made  to  use  of  the 
GK  at  the  San  Diego  centre  over  its  first  62  months  during  which  there  were  two  days  of 
planned  downtime  and  no  cancellation  of  treatments  because  of  machine  unavailability. 
A reload  of  cobalt  - 60  sources  in  2001  required  clinical  downtime  of  21  days;  Goetsch 
comments  that  for  newer  models  of  the  GK,  reloading  would  take  only  10-15  days.  In 
comparison,  the  LIN  AC  system  at  the  University  of  Florida  had  treated  more  than  1,700 
patients  over  a 13  year  period  with  a back  up  LINAC  being  needed  in  only  two  patients. 

Both  types  of  SRS  can  be  expected  to  have  high  mechanical  reliability. 

Proton  radiosurgery 

SRS  using  protons  offers  advantages  over  other  types  SRS  through  improved  energy 
distribution  of  the  delivered  dose  and  greater  ability  to  irradiate  deep  structures.  The 
technology  remains  expensive  and  relatively  few  centres  have  used  this  approach  in 
routine  health  care.  A review  of  the  technology  by  Harsh  et  al.  refers  to  experience  at 
the  Massachusetts  General  Hospital  using  the  STAR  apparatus  for  proton  radiosurgery. 
Between  1991  and  1998  there  were  416  patient  treatments  and  early  results  for  AVMs, 
acoustic  neuromas  and  brain  metastases  are  said  to  be  comparable  to  those  produced 
with  other  stereotactic  techniques. 
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Recent  HTA  Reports 


Table  1 gives  brief  details  of  some  HTA  reports  that  have  been  published  since  the 
AHFMR  report.  In  general,  the  pattern  of  findings  is  much  the  same  as  in  earlier  HTA 
report.  Quality  of  available  evidence  is  regarded  as  poor,  and  there  is  no  good  evidence 
to  support  one  form  of  SRS  over  another.  The  call  by  the  ANAES  report  for  work  to 
establish  the  population  need  for  SRS,  appropriate  organisational  arrangements  and 
comparative  effectiveness  seems  particularly  apposite.  Included  for  comparison  is  a 
summary  of  an  early  HTA  on  this  technology,  which  provides  an  illustration  of  the 
persistence  of  some  of  the  unresolved  issues. 
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Table  1 : Some  recent  health  technology  assessments  of  stereotactic  radiosurgery  (cont’d) 
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Studies  Related  to  the  Efficacy  or  Effectiveness  of  SRS 


In  this  section,  overviews  are  given,  by  disease  or  condition,  of  studies  that  included 
outcomes  data  that  might  help  to  determine  the  efficacy  or  effectiveness  of 
radiosurgery.  As  reported  in  other  assessments,  the  overall  quality  of  evidence  is 
limited  through  methodologically  weak  study  designs  and  inconsistent  or  incomplete 
reporting  of  data. 

Acoustic  neuroma 

The  1998  AHFMR  report  i considered  six  studies  of  SRS  in  treatment  of  acoustic 
neuroma.  These  gave  indications  of  benefit  through  local  control  and  acceptable 
longer-term  outcomes,  but  there  were  some  concerns  regarding  possible  complications. 
SRS  appeared  to  be  a useful  option  for  appropriately  selected  patients,  but  surgery 
would  often  be  the  preferred  option.  A further  paper  suggested  observation  is  a 
reasonable  management  strategy  in  carefully  selected  patients  with  acoustic  neuroma, 
but  diligent  follow-up  is  required  to  assess  if  active  treatment  is  required. 

Treatment  of  acoustic  neuroma  was  considered  in  more  detail  by  the  1999  AHFMR 
report  ^ which  assessed  a further  15  papers  dealing  with  SRS  in  this  application  and  also 
ten  papers  reporting  studies  of  microsurgical  techniques.  The  report  concluded  that 
there  was  evidence,  from  methodologically  weak  studies,  that  SRS  is  efficacious  in  the 
treatment  of  acoustic  neuroma  in  suitably  selected  individuals.  However,  evidence  on 
the  comparative  effectiveness  of  SRS  and  microsurgery  remained  limited  and  both  had 
associated  short  and  long  term  complications.  There  was  no  evidence  of  any  difference 
in  effectiveness  between  the  LINAC  and  GK  approaches  in  this  application. 

Studies  located  in  the  present  assessment  are  listed  in  Table  2.  Eleven  of  these  used 
FSRT,  one  of  these  being  a comparison  with  GK,  there  were  17  other  GK  studies  and 
five  that  used  LINAC.  There  were  three  cohort  studies,  the  rest  being  case  series. 

The  cohort  study  comparing  GK  with  FSRT  indicated  that  these  approaches  gave 
similar  rates  of  tumour  control  but  that  patients  treated  with  FSRT  had  higher  rates  of 
serviceable  hearing  preservation.  This  indication  of  possible  superiority  of  FSRT  is 
qualified  by  the  small  numbers  in  the  study  and  the  relatively  short  follow  up.  In  the 
second  cohort  study,  surgery  or  SRS  (GK)  appeared  to  give  better  outcomes  than 
observation.  Comparison  of  the  two  interventions  was  less  clear;  it  was  suggested  that 
both  were  effective  for  small  and  medium  tumours.  The  third  cohort  study  indicated 
superiority  of  FSRT  over  observation. 
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Table  2:  Studies  on  SRS  treatment  of  acoustic  neuroma  (cont’d) 


a 

n 


<n 

bO 

3 

C/3 

O 


^ o> 

<2  OT 

< 3 


.2  o 
c w 
3 2. 
cS  ^ 

ca  S 


o 

Cl- 

CO  P 

Q.  0) 

CD  ? to 
JC  3 <D 
CO  </) 
C i-  CO 
o O O 

^■D  o 
to  CD  3 
■£0(0 
o ^ c 
£ c -Z 
E o>  3 

ill 

< *t:  2 


in 

CO 

■o' 
^ o 
(0 

CM  CO 
C»  £ 

T-  O 

^ <D 

o -o 

£ o5 
CO  in 


= g 

I I 

O -D 

c -2 


cii  ^ 

I ? 

I ^ 

■g  ^ 
8 § 

g g 

§ «5> 

CO  B 

o o 
Q-  i 
(0  c 
£ 3 


^ CO  CO 

cn  ■-  ^ 

g-2  ^ 

O <0  c 

g’JSl 

^"■cc-^ 


CO 


(0 
c 

0(3  i 


■O  § 

2 g .£  •£ 

CM  O O O 

1 

- - i-o 

O .2  .1  $ 


■B  <0 


? 2 £ 

O O O 

pg 

2 JQ  c 


0 C3) 

E B 

S 2 
^ 1 

1 “ 


ci-£ 


i £ 

o 2 

— 3 


£ o ^ 

■$  S B 

h.  o « 
E o 
41  CD  O 
Z A CO 


CO 


--:  o « 

CO  (7) 


CD 


CD  CM 

O ' 
(O  o 

CO  O) 

O in 


Si 
a CO 
« 

|i 

2 -o' 

O CD 


g I 


c o 
^ E 
c cq 

2 CD 

•o 


CM 

£ z o 

•|^  2 

CO  .2  i 

^ iS  ^ 

Z (0  m 


•o'  ^ 

<D  CO 

(0 

CO  - 
2 ^ 
o .§ 
0 i= 
-7^  CO 


1-  "O 
00  CD 

o E 

it 

CO 

A ill 
^ II  0 
•|Z  CO 

j\B^ 

^ Vi  a> 


>'  2 

8 1 

CM  o 

1-'  2 

CC  ^ 

CO 
1 1 


s E 

?8  i 
is 


0 


is 


CD 

o> 

0 

V)  I 
0 CO 


■o  <73  55  E? 

0 C7)  CO 

_i  o 


0 

Q. 

■o  £ 


c 

3 

(0 
_3 
0 
-C 

O-  ^ 
0 0 
O 0 

2 f 

P O 


■-  --9 

-c  ^ 
*-  CO 
■O  ^ 

it 

i- 

■g  5 

f i 

^ C 


S Q ^ 

= rr  0 

0CO  Jg 

-n  »-  0 

I ® & 

O)  0 .£ 


“•1^ 

03 

oS 


5 0 

CM  o 

ii 


Si 

3 

CL 


_;  0 CD 

0 0 <73 

^ -3  03 

0 0 1- 

CO  0 I 

■CO  (3)  <D  CM 

15^  03  55  03 

<73  ^ (73 


(N 


Alberta  Heritage  Founciation  for  Medical  Research 
Health  Technology  Assessment 


Stereotactic  radiosurgery:  an  update 


c 

a> 

E 

w 

S! 

CO 

cc 

(0 

c 

o 

0) 

0) 

■■5 

3 

CO 

o 

12 


J2  « 

< 3 
W 


2 

8 I 

lo  o 
■=  '-s 

CS  JC 

o a> 

S-i 

lO  Q. 


■| 

T3 

O 

® 

■n  E 
(5 
5 
t) 

« >. 

■D  LO 
CS  ^ 

SI  CS 

.=  CD  ^ 

^0-0 

0^0 

C 

o 


'-s 


0 0 

0 .2 
« r; 

2 2 
o.>*= 


E 5 


i:;  ^ 
O CJ 

.2  0 
o c 
0 0 


lO 


«=  0 ^ .E  0> 

lo  5 S>  >,0 

CO  o O’  O c 

JJ,  o 3 O 0 

Z ^ 0 C\J  T5 


C 

0 J2 

1 = 

E :g 

8l 

B 
o)  iS 
■?=  c 


o 

CO  3 
II  o 
Z c 


_ 0 

I O 
O o 

0 tr 
£ 0 
< z 


0 

0 0 
> .> 

<35 

<35 

0 

?s 

0 0 

0 3 

0 0 

Q.  0 
0 0 

0 

0 

1 

CM 

0 0 

'0  0 

0 c 

•3 

C35 

3 0 

^ 0 

^ CM 

qI  8 

0 

0 

<35 

^ 0 

^ CM 

3 

o 

it=  0 

^ .l 

i2  ^0 
"o 
0 o 
0 E 

o| 

^ 0 
o 

0)  ^ 
"D  0 

li 

n ° 

_l  O 


o O 


^ S’ 
0 


> 

o 
0 

0 B 

^ 0) 
o>  O) 

3 3 
0 0 
v_ 

O 0 
V N 

o 

^i.s 

3 B « 

gil 

^ "S 

§ll 

1 1 1 
< 0 c 


o 

CM 
0 CM 

O 

« 3 . 

C o ■£ 
^ « 

— CO 


0 


JS. 

o *-  ■ 

0 0 r:;:; 

^ E 0‘ 

0 0 O) 
0 i: 

i CM 


O 
= C35 
0 1- 

is 

LO  .2 
CM  T3 


0 C 
0 -c 

« o 

g ® 


if 


0 -O 
N -O 
0 

E 

3 


,0  ^ e 
LL  CM  £ 


_ 0 
0 

O CO 

0 i_ 

LL  O 


0 O 

0 o 

■O  0 ^ 

Itl 

§io^ 

C 0 0 

i E’^ 

S 0 


2 

o> 

1- 

3 

O 

£ 

3 


Q.  ^ i O) 


^ c 
LO  i 
0 0 


0 O 
^ 00 
0 

0 = 
JD  % 

O 6 

C 


il  O lO 

O 0 ^ " 

o o ^ o 

>*CM  '43 

i 

o>  ^ oi  5 0 

3 ii  = -Q 

W O c £ O 


0 

3 

O 

o 

0 

!i 

1-  o 
CM  3 
II  0 
Z C 


>^ 

■o  r- 
o cn 

0 CJ> 

r V 

1 “ 

O 05 

O ^ 


0 0 
-O  0 
>^?2 


0 *- 

01 

Q 


A 

TJ 

0 

> 

0 

O 

s 

_ o 

CD  -i 

o 5 

lO 

I ^ 

O) 
c 

0 
0 
s: 

-O 

.2  0 

|.f  I 

3 2'= 

O c 0 

> ^ ■4-* 

g ^ 0 
o o 

£ ? o 


O L/> 
CM  = 
. JQ 
0 0 
£ 0 
^ c 
O 0 
> s: 


8 
£ 
3 


Si 

T3 

0 

S’ 

JB 

2 "D 


O 


O « 

■=■§ 
~o  u> 

0 C 
^ 0 
C5)  -2 
c 

CD  3 


0 >. 
C O 


o „ 

^ 'i 

. A 


vS  ui 
>'.2  o> 

» Ss  E 

CO  0 0 
1-  x:  0 

O c 


0 a 

B o 
0 3 

= 1 
O)  o 

CM  0 


S O’ 
E S 
z2 


CO 


0 0 
u o 
o 0 

0 o 

^ s 
- 0 
0 JT 
0 O 


8 ^ 

2 C2.-0 

0 -E 
•-B 

8^  g’ 
i’8  o 

u 0 

•o  S £ 

1'2’S 

-S  O > 
> 0 o 


o>  0 
.2  0 
2l 

c "o 
o c 
o £ 
^ £ 

I” 

2 o 

^Q. 
£ =» 


3 

O)  O 

o| 


"D 

0 

0 

0 0 
O o 

Si  Oi 

E ^ 
E c 
0"  ^ 
0 CM 

i2 

is 

> h- 

oS? 


b O 
0 CO 
LU  A 


O 

c 

o 

0 

0 0 
0 0 
0 0 
^ 0 
D.  O 


CM 

ai 

c 

i- 

3 

O 

£ 

3 

>> 

Si 

•O 

0 

CJ 

3 

T3 

C 

0 

_3 

0 

s: 

Q. 


■5  I 

S I 

CD  3 
^0 


■o 

c 

0 

c 

0 

■O  < 


o 

o § 

__  -O 
O > 


o 

to  til 


M-  w 7^ 

o c 
§ 0 0 
0 £ 2 
> 0 c 2? 
0 0 0 o 

DC  i:  o 1- 


Alberta  Heritage  Foundation  for  Medical  Research 
Health  Technology  Assessment 


Stereotactic  radiosurgery:  an  update 


Q. 

E 

o 

0 

1 

o 

CD  ■ 
Co  0) 
.2  -c 
■D  CD 
C CO 

E ^ 
o £ 
sz  o 


CD  O 
*0  CO 

° .5>-co 
o|^.§ 

CO  — 


§1 
5 Q 


TJ  CD 
« c: 


§ M 

CO  ^ 

Q.  ^ 
C CM 
S CM 
O II 
O C 


CD  O 

PE 

« 3 

CO  CD 
TJ  ^ TJ 

ill, 
I ? ® 
sSb 

111 

i £ 's 

tl® 

E O.  CO 
O Q.  CO 
O CO  o 


(/) 

X 

CO 

C 

o 

in 

Q> 

■■O 

3 

C/) 

csi 

0 

.fi 

.2 


CM  LO  . 
c CO  ® 

§ « I 

~ CO  W 

« ^ -o 


1-  t p 
o>  j_  .E 
o o CO 

E 

CD 

^ ^ 

CO  ^ 
O)  ^ 

^ TJ 

E 

o 52  O 

■E  ® O 

o £ ® 
o o ^ 
« o "O 

E co:^ 


T3 

CD  0) 

« 2 
.£  c 
E o 

^ "cO 
■O  ^ 
CO  0 
^ « 
C/)  E 
QC  Q. 
c/5  D) 

fl 

£ CO 
3 CO 

■g  3 
w g 
0 0 


o m CM 
0 .E  in 

>^  0 >N 

in  Q.N. 


t 

in 

>. 

CM  ^ 
Q.'l^ 
3 ^ 

§ 0 
!■§ 
3 -o 
c E 
(0  0 
=o  0) 

ii 


3 

o 

E 

3 

s*g 

c E 
_0  -0 
JD  0 

iS  E 

CO 


CO 


■E 
0 

3 ^ 

. O 

•-  < CO 
C . C3 

.2  ^ 

0 ^ CM 

2 C 0 

Ptj  E 
0 .2 
^ 0 0 
bi  v>  Vi 

o E E 

C O)  O) 

3 2 2 
I-  Q.  Q. 


Q. 

z 

o 

K 

£ 

$ 

.2  CD 
0 ^ 
^ I 

CD  £ 
C 0 

0 


52  CD  c 

E - 
0 ^ 
•Pen 

i=  QC 
in  c/5 


0 


C»  O 

.2  E 
c + 

.2  c/5 

o QC 

£ ^ 

■F  <1> 

5 CO 
O 0 

CO  2 
QC  O . 

“-.o 

0 vjO  -.- 

0 T- 

3 

C ^ 

E 0 ^ 
3 x:  lO 
I—  O CO 


0 

5 0 
cd 

Ss| 

2 .E  3 
^ 0 w 

O)  Pis 

ll- 

£ O CL 
"2  ^ So 

0 ^ CO 

E .E  c 

£ c c 
0 o 

1 i 'S 

(X>  0 ^ 

rf  > o 
" 2 E 
c KB 

0.1^ 


0 0 
0 s: 


I ° 

o d) 
**=  c 
>»  ” 
CO  0 


O) 


•c 


•c 

m CO 
® 0 

3 0 

*0  E 


w 0 o 

I 3 0 


>» 

CM  _ 
C 0 

Z .2 

11 
T3  3) 

0 iz 

1 £ 


B c 
o .2 

5fc  £ 
0’i 
-§  0 
C«  0 
0 ^ 
c g 
o g 


O j_ 

J'2  = 

t S..J 
o 0 o 
^ O c 

O 3 


0 0 0^ 

0 0 d)QC 

•8  c -8  =“ 

^ .0  ^ CO  0 

1 0 I 

O E I 

.2£?1^’ 
0 0 C ^ CM 
3 O ^ T— 

o 8l5!  S 


Q)  0 

g ^ 
^ $ 
O 


« >, 
edg 
QC  £ 

E2S 

^ CD 
— CO 


C 

0 LO 

E .2 
0 

E S 

E =5 
0 0 


^ cd" 
C5  ^ 


O 

iS 

•o 

c 

o 

o 


2 .i 

0 0 

C 00 


0 O 


•ii 

CO  o 
CO  I 

4 g 
Z c 


tD 

O 0 

E 

o 2 
0 0 
o c 
o 

11 

>E  o 

8 g 
z $ 


3 


c 
► O) 
«2  W 

X ^ 


o 

o 

0 § 


\U  I 

w 1 

0 o> 

5 S 


0 P 
O ^ 


is  I 

IT  8 o 


0 

> CO 


0c\l  O 


CO  «S 


\u 

<D  W 


•—  cu  xi 

PCD  E 


C3) 


O o 


Alberta  Heritage  Foundation  for  Medical  Research 
Health  Technology  Assessment 


Table  2:  Studies  on  SRS  treatment  of  acoustic  neuroma  (cont’d) 


rs 

Olh 

S 

C 

m 


o> 

50 

Vh 

O 

ns 


(A 

C 

o 

£ 

ii| 

O. 


2 w 

< 3 


5 

O ^ 
= c 


ti  ° 
^ LO 

<D  •- 

£ 1 


a I 
i 2 


c 

Q.  O 
IS  O 


o E 


0 QC 

- 

- o> 

i5  Q.- 

bi  CO  0 ^ 

■P  H-  0 0 


— -D 

C C -c 

52  CO  -c 
<1^  52  o 
Cl.  i5  ^ 

- O ^ 


o 

si 


in 

CO 

~o  ui 

S to 
cc  g 

CJ  o 


— <0 

^ c 

1 -.B 

r-  « 

^ o 

II  o 

Z 0 


.c:  o 

B o 

o o 

OC  C\J 


00  o 

T-  O) 
" £ 
E ^ 

O CJ 

^ o 
^ c 
m CD 


<M  0" 

^ N 
O ■« 

E ^ 

CM  O 
CO  E 
Q-  B 

it 

•2 

C 3 

1 1 


00 

T3 

0 

D) 

C 

0 

.C 

o 

c 

0 

in 

d) 

■E  o 

"2 

SI 


o.  E 


C £ 


CO  il 

1-  o 

iTi 


2 - 


CO 
O O) 

II 

o = 

o o 

0 C 

sz  ' 


0 

E 

I- 


0 o 
■=  o 

0 C\J 

0 I 

0 

52  os 

o ? 


$ £ 

■B  to 

■o  .B 

o o 

5 JO 
0 o 
c E 

•2  CO 
0 A 
Q-T3 

o I 

^’1 
P ^ 

CS)  0 
0 0 

£ 0 

TI  > 


:£  E 

0 -E 
O 0 

O ^ 


E CO 
0 CC 
Q.C0 


0 0 
« -O 
0 0 
0 0 
0 0 

0 0 

■E  -o 
0 0 
0 0 

1 O 


0 CO 

I- 
0 2 


0 

CO  5 
T3  - 
C 0 
0 ^ 


C\J  n 

•E  0 
0 0 
0 *- 
o c 
"Z,  0 

f - 
0 0 
0 $ 
o 

o « 

0 9^ 

0 CO 
0 CO 


.Eg  ±0C 
0 CO 


0 ' 

- 


0 — C etc 
< 0 < 0 


o 

o 

in 

CD 

CO  0 

H .2 

oc  z 

CO  0 


5 8 

Z 0 


o 

Q. 

Q. 

0 

CO 


0 


0 1- 
o 
0 o 

CO  C\J 


0 C3S 
0 CO 

•c  css 


0 CM 


DC 

CO 

LL 

o 

E 

CM 

Q. 

0 

5 c 

o ,o 

O 0 

0 ® 

I- 

^ o 


c 

o 

o 

0 0 

2 0 
0 (0 
>..Q 

o 


CL 

0 

2 

D) 

h- 

DC 

CO 

LL 

C 


0 " 
0 >. 

>-  T3 
C 

o 

■•0'^ 


0 


^ Q.  n 


0 gr  ^ 

52  CO 

J5  o CO 

o CD  ^ 
>.  C2.  O 

in  3 c 

■p  ° K 

CO  gw 


.2  0^ 

c ;>  O 

0 0^ 

9 ^ CO 

< o in 


0 

2o 

. CD 
O CO 
O C 

II  O 
C -o  -.B 


0 


GC  3 ^ 
CO  ^ CM 


|5  ^ 

!i| 


O 

CL 

CL 

0 

CO 


.p§ 


O E 

0 O 


0 0 

|l 

9 c 2 
CD  0 

I E -^ 


CO  0 


O. 


0 TS 

>5  c: 

>'in  0 

f2  to  ^ 

0 0'  T- 

l|s 

^1  E 


I 

o 

CM 

.c 

>» 

O 

o 

m 

I 0 

I-'  0 
DC 

CO  in 
ll  cm 


0 

.2  o 

3 i ^ 

0 > o 

00” 

^ cm  £ 

1 f s 

$ I”  8 

"gif 

Z c 0 5 


CO 


o 

in 

OS 

c 

■3 

0 

^ E 
o o 
0 I 

0 B 
0 _o 

■B  ^ 

0 "O 

0 0 
0 -n 
0 := 


0"  c 
.2  o 
ir  0 


0 

0 OS 

5:  O’ 

CO 


0 o 

•^052 
jc  o 0 


0 


1-0  4 

E F OS 
CO  CM  (J  8 £ 2 


ir^ 


Alberta  Heritage  Foundation  for  Medical  Research 
Health  Technology  Assessment 


Stereotactic  radiosurgery;  an  update 


Alberta  Heritage  Foundation  for  Medical  Research 
Health  Technology  Assessment 


Table  2:  Studies  on  SRS  treatment  of  acoustic  neuroma  (cont’d) 
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There  appears  to  be  continuing  strong  opinion  from  surgical  teams  that  microsurgery  is 
the  therapy  of  choice  for  most  acoustic  neuromas.  Criticisms  made  of  radiosurgery 
studies  are  the  relatively  short  follow  up  and  under-reporting  of  complications. 

Two  recent  microsurgical  studies  identified  in  the  course  of  this  assessment  were  those 
by  Briggs  et  al.  and  Kaylie  et  al.  5^.  The  series  described  by  Briggs  et  al.  included  121 
patients  treated  surgically  between  1994  and  1998.  Eleven  of  them  had  NF  2.  For 
tumours  of  all  sizes,  90%  of  patients  had  good  facial  function,  7%  moderate  and  3% 
poor.  There  was  no  mortality  and  lasting  complications  were  considered  minimal 
(three  persons  with  trigeminal  paresthesia  and  three  with  cerebellar  ataxia  are 
mentioned).  Hearing  was  preserved  in  37%. 

In  the  series  described  by  Kaylie  et  al.  patients  had  microsurgical  removal  of  acoustic 
neuroma  between  1992  and  1998.  Facial  nerve  integrity  was  preserved  in  99%;  95% 
with  small  tumours;  and  63%  with  medium  tumours  had  excellent  facial  nerve  function. 
Overall  complication  rate  was  20%,  mostly  short  term.  There  were  no  deaths.  Hearing 
was  preserved  in  29%  of  patients  with  small  tumours. 

Kaylie  and  colleagues  have  also  undertaken  a comparison  of  outcomes  of  treatment  for 
tumours  of  < 4cm  in  diameter  between  11  microsurgical  studies  and  eight  studies  using 
the  GK,  undertaken  between  1990  and  1998  They  conclude  that  there  was  no 
significant  difference  in  facial  nerve  outcome  or  hearing  preservation  but  that  surgery 
had  significantly  lower  complication  rates  (though  surgical  complications  included 
seven  deaths).  Surgery  also  had  better  tumour  control  when  tumours  were  totally 
resected.  Results  are  summarised  in  Table  3. 

Kaylie  et  al.  note  that  these  results  do  not  reflect  outcomes  from  treatments  using 
modern  procedures  and  imaging  methods.  They  also  comment  on  the  major  difficulty 
with  inconsistent  data  reporting  and  call  for  use  of  standardised  outcomes  scales  in 
surgical  and  SRS  reports  to  permit  valid  statistical  comparison. 

Table  3:  Comparison  of  studies  using  surgery  or  radiosurgery  for  acoustic  neuroma 


Surgery 

SRS(GK) 

Patient  numbers 

2,579 

875 

% Good  facial  nerve  outcome  (% 
reported) 

81.1  (46) 

81.1  (82) 

Serviceable  hearing  before 
treatment  (%  reported) 

42  (55) 

40  (63) 

Serviceable  hearing  after 
treatment 

44 

44 

Complications  (studies  reporting 
complications) 

21.9%  (13/15) 

38%  (4/8) 

Permanent  complications 

5.3%  (include  7 deaths) 

16% 

Tumour  control 

97.5%  complete  removal,  1.6% 
recurrence  rate  in  n=776  with 
uncontrolled  tumours 

For  n=805,  32%  had  tumour 
regression,  59%  no  growth,  9% 
not  controlled. 

Source:  Kaylie  et  al.,  2000 
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A survey  of  members  of  the  American  Neurotology  Society  by  Battista  and  Wiet  ^9 
found  that  for  12  of  46  patients  who  had  SRS,  12  required  follow  up  microsurgical 
resection  of  acoustic  neuroma  which  was  technically  difficult  and  associated  with  poor 
cranial  nerve  results. 

Also,  Luetje  notes  that  spontaneous  involution  of  acoustic  neuroma  may  occur  and 
reports  on  a series  of  47  patients  with  unilateral  untreated  tumours  who  were  followed 
up  for  1 - 12.5  y.  There  was  imaging  evidence  of  involution  in  13%.  The  Pittsburgh 
group  found  that  there  had  been  hearing  improvement  in  21  out  of  487  patients  who 
had  radiosurgery  during  a 10-year  interval 

Overall,  the  conclusions  on  the  place  of  SRS  in  the  management  of  acoustic  neuroma  are 
very  similar  to  those  in  the  1999  AHFMR  report.  Microsurgery  remains  the  treatment  of 
choice  for  many  patients.  SRS  has  a useful  place  in  cases  where  surgery  would  have  an 
unacceptable  risk  or  would  be  refused.  Long  term  follow  up  data  on  SRS  treatment  are 
still  comparatively  limited,  and  the  methodological  basis  of  the  evidence  is  weak.  There 
is  no  clear  evidence  of  the  superiority  of  one  radiotherapy /radiosurgery  treatment  over 
another. 

A feature  in  the  literature  since  the  previous  AHFMR  report  has  been  the  number  of 
studies  that  have  used  fractionated  treatment  (FSRT)  using  linear  accelerator 
technology.  This  appears  to  have  considerable  potential  as  an  alternative  to  LINAC  or 
GK  SRS,  but  results  should  be  regarded  as  preliminary.  A recent  review  by  Gross  and 
Engenhart-Cabillic  gives  the  comparative  summary  shown  in  Table  4.  Tliey  suggest 
that  in  comparison  with  SRS  and  neurosurgery,  FSRT  seems  to  be  more  tissue-sparing, 
though  the  sources  of  the  information  for  surgery  and  SRS  are  not  clearly  identified. 

Table  4:  Comparison  of  treatments  for  acoustic  neuroma 


SRS,  % 

Neurosurgery,  % 

FSRT,  % 

Response 

85-98 

92-98 

88-100 

Recurrence  rate 

1-10 

~7 

0-12 

Unchanged  hearing 

30-70 

14-57 

50-100 

Useful  hearing 

- 85 

36-78 

66-100 

Toxicity  to  cranial  nerves  V,VII 

0-20 

~8 

0-16 

Source:  Gross  and  Engenhart-Cabillic, 

Another  trend  has  been  the  further  use  of  lower  doses  in  SRS  treatment  of  acoustic 
neuromas,  which  has  been  suggested  to  improve  rates  of  hearing  preservation. 
However,  a potential  consequence  of  lower  doses  is  a higher  rate  of  tumour  growth  or 
recurrence,  an  issue  on  which  there  is  continuing  debate. 
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Arteriovenous  malformations 

The  1998  AHFMR  report  2 identified  seven  studies  that  provided  generally  weak 
additional  evidence  to  that  considered  in  earlier  HTA  assessments.  The  report 
concluded  that  SRS  is  useful  in  appropriately  selected  patients,  but  there  appeared  to  be 
a need  for  long-term  follow-up,  to  include  consideration  of  adverse  effects.  There  was 
no  real  indication  of  the  proportion  of  AVMs  that  might  appropriately  be  treated  by 
SRS  alone  or  in  combination  with  embolization.  In  many  cases,  surgery  would  remain 
the  preferred  option. 

Papers  that  considered  treatment  of  AVMs  that  were  located  for  the  present  review  are 
briefly  summarised  in  Table  5.  For  studies  that  were  concerned  primarily  with 
obliteration  of  AVMs  and  associated  complications  of  treatment,  14  made  use  of  the  GK, 
one  of  these  making  some  comparison  with  microsurgery  at  the  same  institution.  Seven 
studies  described  use  of  the  LINAC  and  a further  study  used  both  LINAC  and  FSRT.  In 
one  study  the  Rotating  Gamma  device  was  used. 

Treatment  of  cavernous  malformations  was  considered  in  six  studies,  three  based  on  the 
GK,  two  on  use  of  charged  particle  irradiation,  and  one  on  the  LINAC.  Four  studies 
with  a particular  focus  on  management  of  seizures  associated  with  malformations  (3  GK 
and  1 LINAC)  are  listed  separately  in  Table  5. 

Overall,  the  evidence  on  effectiveness  of  SRS  in  treatment  of  AVMs  suggests  similar 
conclusions  to  those  of  the  1998  report  and  of  recent  HTA  reports  listed  in  Table  2, 
though  useful  further  information  has  emerged  on  some  aspects. 

It  continues  to  be  difficult  to  draw  firm  conclusions  on  the  effectiveness  of  this 
technology  for  treatment  of  malformations  in  the  absence  of  controlled  trials. 
Comparisons  with  microsurgery  series  are  made  in  some  of  the  papers,  but  any 
conclusions  have  to  be  treated  with  some  reservation,  given  inevitable  differences  in 
case  mix,  patient  selection  criteria  and  other  factors.  All  of  the  studies  given  in  Table  5 
refer  to  case  series,  though  in  two  of  them  outcomes  are  reported  for  more  than  one 
treatment  method  at  the  same  institution.  The  MSAC  and  SBU  publications  referred  to 
in  Table  1 have  drawn  attention  to  the  weakness  of  the  evidence. 

The  Arteriovenous  Malformation  Study  Group  has  noted  that  the  rapid  changes  that 
have  occurred  in  surgical  techniques  complicate  longitudinal  comparison  of  outcomes. 
They  also  make  the  point  that  lower  reported  complication  rates  after  SRS  cannot  be 
readily  compared  with  rates  for  other  treatments  as  adverse  effects  may  be  delayed  and 
there  have  been  few  long  term  follow  up  studies. 

Economic  consequences  of  such  delay  have  been  considered  by  Porter  et  al.  As  is 
widely  recognised,  SRS  takes  some  time  to  obliterate  an  AVM,  so  that  there  is  an 
ongoing  risk  of  hemorrhage  after  irradiation,  whereas  microsurgery  eliminates  this  risk 
more  quickly  and  more  efficiently.  Comments  on  the  Porter  et  al.  paper  by  persons 
involved  with  SRS  programs  accept  this  general  proposition  for  easily-resectable 
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AVMs,  while  noting  that  surgical  expertise  will  vary  between  centres  and  that  not  all 
patients  in  need  of  treatment  would  be  considered  a good  surgical  risk. 

In  a microsurgery  series  from  Germany  located  for  the  present  assessment  that 
considered  62  patients  with  small  AVMs,  there  was  a 98.4%  success  rate  in  removing 
the  AVMs,  with  3.2%  permanent  significant  neurological  deficits  at  late  follow  up  in 
a consecutive  US  series  of  72  (1985  -1996)  reported  by  Pikus  et  al.  65  (90%)  had  a GOS 
score  of  5,  three  were  moderately  disabled,  and  four  severely  disabled.  There  was  no 
treatment-related  mortality  and  no  patient  was  in  a vegetative  state.  For  all  of  the  19 
patients  with  AVMs  <3cm  in  diameter  there  was  complete  obliteration  of  the  lesion,  no 
new  neurological  deficits  and  a good  recovery.  For  the  54  patients  (75%)  of  patients 
with  Spetzler  - Martin  grades  I - III,  there  was  complete  angiographic  obliteration,  93% 
reached  a GOS  score  of  5,  and  one  patient  had  a new  neurological  deficit.  The  authors 
compared  their  results  with  those  from  three  SRS  series  and  three  other  microsurgical 
series  and  conclude  that  microsurgery  is  superior  to  SRS  in  the  treatment  of  smaller, 
surgically  accessible  AVMs. 

A further  difficulty  in  considering  results  of  AVM  treatment  with  SRS  is  that  in  some 
studies  obliteration  rates  have  been  over-estimated  because  of  reliance  on  MRI  findings 
for  some  cases  rather  than  obtaining  confirmation  using  angiography.  This  point  was 
made  by  Howard  and  Ghersi  at  a recent  conference  presentation  that  evaluated  results 
reported  in  seven  studies  of  SRS  in  the  treatment  of  AVMs  They  note  that 
obliteration  rates  appear  to  range  from  36  - 85%  at  2y,  with  most  authors  reporting  70% 
or  higher.  However,  when  all  patients  eligible  for  angiography  are  considered,  actual 
2y  obliteration  rates  dropped  from  an  average  of  64%  (36-81)  to  48%  ( 26  - 68%).  One  of 
the  papers  considered  by  the  presentation,  by  Heffez  et  al.  had  made  the  same  point, 
noting  that  if  all  data  are  considered,  the  actual  2y  obliteration  rate  is  in  the  range  of 
40%  rather  than  the  commonly  reported  80%. 

In  the  papers  referred  to  in  Table  5,  different  approaches  seem  to  have  been  taken  at 
various  centres.  Some  series  have  included  appropriate  consideration  of  angiographic 
follow  up,  in  others  over-estimation  of  obliteration  seems  likely. 

However,  some  useful  indications  emerge  from  the  papers  listed  in  Table  5.  Three  of 
them  (1  LINAC,  2 GK)  deal  with  follow  up  SRS  after  previously  unsuccessful  treatment, 
indicating  reasonable  success  rates  for  obliteration,  though  increased  risk  of  radiation  - 
related  complications.  (A  report  from  Stanford  by  Chang  et  al.  ^9  considers 
microsurgery  following  earlier  SRS  and  suggests  SRS  several  years  prior  to  resection 
appears  useful  in  treating  unusually  large  and  complex  AVMs  as  the  lesions  are 
significantly  less  vascular  and  more  easily  resected  than  in  patients  who  have  not 
received  SRS.) 

Four  studies  listed  in  Table  5 report  experience  in  management  of  AVMs  of  the 
brainstem  or  motor  cortex,  for  which  micro  surgery  is  more  difficult. 
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Another  paper  reports  the  use  of  SRS  for  treating  AVMs  in  children.  A further  study 
from  Japan  reported  by  Tanaka  et  al.  included  70  adults  and  23  children.  Complete 
obliteration  rates  for  the  two  groups  at  ly  after  SRS  were  45%  and  74%,  and  81%  and 
94%  at  2y.  Complications  occurred  only  in  adults. 

Lindqvist  et  al.  found  that  there  is  a small  possibility  that  AVMs  may  reappear  after 
having  been  totally  occluded  after  SRS,  especially  in  pediatric  patients.  They  obtained 
angiograms  for  48  patients  5 to  24  y after  SRS  (using  the  GK)  and  4 to  17  years  after  the 
AVMs  had  been  proven  to  be  totally  occluded.  Ten  of  the  patients  developed  clinical 
symptoms  attributable  to  the  AVMs  or  the  treatment.  There  was  evidence  of  AVM  nidi 
at  the  sites  of  previously  occluded  AVMs  for  two  patients  and  of  nidi  adjacent  to  those 
sites  for  another  two.  Three  of  the  four  recurrent  AVMs  were  associated  with 
hemorrhaging.  All  patients  who  experienced  hemorrhaging  from  previously  occluded 
AVMs  were  14  years  of  age  or  younger  at  the  time  of  radiosurgery. 

The  studies  on  SRS  treatment  of  cavernous  malformations  indicated  only  modest 
success  in  management  of  these  lesions,  though  hemorrhage  rates  were  reduced  in 
some  series. 

SRS  for  epilepsy  associated  with  AVMs  was  more  successful,  with  elimination  of 
reduction  in  seizures  in  a high  proportion  of  cases  with  relatively  limited  follow  up.  In 
addition,  in  a series  of  210  cases  reported  by  Ghossoub  et  al.  seizures  completely 
disappeared  in  58%  of  cases  and  decreased  in  18%.  Generalized  seizures  disappeared 
in  90.7%,  partial  secondary  generalized  seizures  in  53.5%,  and  partial  seizures  in  39.6%. 
Success  in  eliminating  seizures  was  related  to  their  frequency  and  severity  as  well  as  the 
length  of  time  over  which  they  had  occurred  prior  to  SRS. 

Pollock  et  al.  report  on  the  feasibility  of  using  a staged  volume  SRS  approach  for 
larger  volume  AVMs,  an  approach  that  would  give  lower  radiation  exposure  to  the 
surrounding  brain. 

There  is  general  recognition  that  microsurgery  and  SRS  should  be  regarded  as 
complementary  approaches  to  management  of  AVMs.  Surgery  is  preferred  if  the  lesion 
can  be  'safely  ' excised,  but  appropriate  patient  selection  and  level  of  expertise  continue 
to  cause  debate.  Further  information  is  emerging  on  longer  term  complications  of  SRS. 
There  is  no  indication  that  either  GK  or  LINAC  is  superior  to  each  other.  The  absence 
of  good  quality  studies  continues. 
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Table  5:  Studies  on  SRS  treatment  of  arteriovenous  malformations 
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Table  5:  Studies  on  SRS  treatment  of  arteriovenous  malformations  (cont’d) 
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Stereotactic  radiosurgery:  an  update 


Trigeminal  neuralgia 

The  1998  AHFMR  report  gave  brief  consideration  to  the  use  of  SRS  for  trigeminal 
neuralgia  (TGN),  reviewing  four  recent  papers  (two  on  SRS  and  two  on  surgical 
approaches)  noting  that  SRS  had  been  used  for  many  years  in  the  treatment  of  this 
condition.  Surgical  procedures  appeared  to  offer  the  best  outcomes. 

Studies  of  SRS  in  treatment  of  TGN  are  listed  in  Table  6.  All  of  these  made  use  of  the 
GK.  One  was  an  RCT  and  the  rest  were  case  series.  The  RCT  addressed  a choice  of 
treatment  procedures  and  indicated  that  increasing  treatment  volume  was  not 
appropriate.  This  and  the  other  studies  considered  treatment  of  idiopathic  TGN  or 
facial  pain  secondary  to  a tumour. 

Findings  in  the  studies  include  initial  pain  relief  in  high  proportions  of  patients,  but  also 
high  rates  of  recurrence  of  pain  and  neurological  side  effects. 

There  are  a number  of  options  for  treatment  of  TGN  and  the  place  of  SRS  does  not 
seem  to  be  established.  If  drug  treatment  is  ineffective,  microvascular  decompression 
has  been  recommended  for  younger,  fit  patients  and  percutaneous  radiofrequency 
thermorhizotomy  (PRT)  for  older  patients  and  for  those  imwilling  to  have  surgery 
Kanpolat  and  Savas  and  Kao  have  drawn  attention  to  the  effectiveness  of  PRT 
and  of  microvascular  decompression  as  indicated  by  large  series  with  long  term  follow 
up,  with  repeat  procedures  for  cases  where  there  is  recurrence  of  pain.  Recent  papers 
by  Kanpolat  et  al.  Mathews  and  Scrivani  m,  and  Scrivani  et  al.  have  reported  on 
long  term  results  with  PRT,  and  Tronnier  et  al.  have  compared  PRT  with  microvascular 
decompression,  recommending  the  latter  as  the  treatment  of  choice  in  otherwise  healthy 
people  whose  pain  is  not  controlled  by  medication 
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Table  6:  Studies  on  SRS  treatment  of  trigeminal  neuralgia  and  other  causes  of  facial  pain  (cont’d) 
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Brain  metastases 

The  1998  AHFMR  assessment  concluded  that  the  role  of  SRS  in  treatment  of  brain 
metastases  was  still  not  well  defined.  SRS  appeared  to  have  a place  in  the  management 
of  appropriately  selected  patients,  and  to  be  a useful  option  when  the  patient  was  not  a 
candidate  for  surgery. 

The  AHFMR  publication  commented  that  a number  of  reports  on  SRS  treatment  of 
brain  metastasis  made  comparison  with  the  results  of  two  RCTs  undertaken  by  Patchell 
et  al.  130  and  Noordijk  et  al.  These  compared  the  results  of  radiotherapy  alone  with 
radiotherapy  plus  surgery.  Both  studies  provided  good  to  fair  evidence  that  combined 
radiotherapy  and  surgery  gave  better  survival  and  functional  independence  than 
radiotherapy  alone.  The  results  from  these  two  RCTs  were  cited  in  a number  of  the 
reports  on  SRS  of  brain  metastases  to  provide  a comparison  of  treatments.  The  SRS 
studies  were  relying  on  data  from  small  trials  at  different  centres  and  with  different 
populations.  Many  of  the  SRS  studies  were  therefore  be  classified  as  uncontrolled  case 
series,  giving  a fair  to  poor  level  of  evidence  of  outcomes.  The  same  point  has  been 
made  in  the  assessment  report  of  MSAC 

Overall,  the  results  from  eight  studies  reviewed  in  the  AHFMR  assessment  suggested 
survival  periods  following  SRS  to  be  comparable  to  the  '"comparison"  studies,  with 
indications  of  improved  functional  independence  and  quality  of  life.  There  were  high 
levels  of  local  control  (an  intermediate  measure)  in  a number  of  studies.  Substantially 
worse  outcomes  were  obtained  for  patients  who  had  more  than  two  detectable 
metastases. 

There  have  been  some  recent  overviews  of  this  area  of  application  of  SRS.  The  review 
by  the  Health  Technology  Assessment  program  of  the  US  Department  of  Veterans' 
Affairs  referred  to  in  Table  1 considered  literature  from  1991  to  November  1997, 
including  13  case  series  (1,276  patients)  of  which  two  were  prospective.  Local  control 
(10  studies)  varied  from  47  to  100%  and  actuarial  survival  from  28.4%  (initial  and 
recurrent  treatment)  to  53%  (initial  treatment,  one  metastasis).  Median  survival  was 
from  26  to  56  weeks.  The  authors  concluded  that  while  SRS  was  a relatively  safe  and 
effective  technology  for  treating  brain  metastases  in  selected  patients,  and  seemed  to 
offer  greater  survival  than  XRT,  lack  of  data  from  high  quality  studies  precluded  any 
definitive  assessment  of  its  effectiveness  relative  to  standard  treatment. 

Somewhat  similar  conclusions  were  reached  in  reviews  by  Boyd  and  Mehta  ^32  and  by 
Becker  et  al.  i33.  jhe  first  considered  21  studies  and  reported  composite  data  indicating 
a local  control  rate  of  83%  and  median  survival  of  9.6  months,  suggested  as  comparable 
with  results  in  recent  surgical  reports.  However,  these  were  the  studies  by  Patchell  et 
al.  and  Noordijk  et  al.,  and  the  same  criticisms  made  in  the  1998  AHFMR  report  apply. 
The  review  by  Becker  et  al.  considered  10  studies  and  estimated  local  control  rates  of 
85-  95%,  recurrence  rates  of  6-15%,  median  survival  of  6-12  mo  and  side  effects  in  3-15% 


Alberta  Heritage  Foundation  for  Medical  Research 
Health  Technology  Assessment 


36 


Stereotactic  radiosurgery:  an  update 


of  cases.  It  is  suggested  that  SRS  and  surgical  series  have  attained  similar  results,  but  no 
convincing  evidence  is  presented. 

Studies  located  for  this  assessment  are  listed  in  Table  7.  There  were  14  LIN  AC  - based 
studies,  four  that  used  FSRT  (plus  small  numbers  with  this  approach  in  one  of  the 
LINAC  studies)  and  26  studies  that  used  the  GK.  In  addition,  one  study  reported 
results  from  both  LINAC  and  GK  treatments  and  another  reported  combined 
experience  from  ten  centres,  four  using  LINAC  and  six  GK. 

Most  of  the  reports  were  of  case  series,  but  there  was  one  RCT,  three  case  control 
studies  and  six  where  some  comparison  was  made  between  different  treatments  used  in 
case  series  (one  was  a prospective  comparison  of  treatments).  The  study  reporting 
experience  from  ten  centres  compared  findings  with  those  in  the  RTOG  data  base. 

The  RCT,  by  the  Pittsburgh  group,  compared  treatment  with  SRS  +WBRT  and  with 
WBRT  alone.  The  trial  was  stopped  before  recruitment  was  complete  when  better 
results  for  time  to  local  failure  were  established  for  the  combined  treatment  group. 

There  was  also  a trend  to  improved  survival  in  the  combined  treatment  group,  but 
statistical  significance  was  not  reached. 

These  results  indicating  superiority  of  SRS  plus  conventional  radiotherapy  over 
radiotherapy  alone  are  supported  by  findings  from  some  of  the  other  comparative 
studies  located.  However,  the  question  of  whether  SRS  + WBRT  is  superior  to  SRS 
alone  does  not  seem  to  have  been  resolved,  with  findings  varying  from  centre  to  centre 
in  studies  of  limited  methodological  quality. 

The  studies  that  used  fractionated  doses  appear  to  have  achieved  reasonable  short  term 
outcomes,  but  the  results  are  preliminary;  longer  follow  up  and  additional  patient 
numbers  are  required.  A small  study  by  Ikushima  et  al.  (n=10  for  FSRT,  11  for 
surgery  +WBRT  and  14  for  WBRT)  indicated  that  in  patients  with  brain  metastases  from 
renal  cell  carcinoma,  FSRT  offered  better  tumour  control  and  survival  than  either 
conventional  radiotherapy  or  surgery  followed  by  conventional  radiotherapy. 

Of  some  interest  is  the  report  by  Chidel  et  al.  of  experience  at  the  Mayo  Clmic  where 
both  LINAC  and  GK  have  been  used.  There  was  no  significant  difference  in  rates  of 
local  or  distant  brain  relapse  between  patients  treated  by  LINAC  and  those  treated  by 
GK. 

Comparisons  of  SRS  and  microsurgery  seem  inconclusive,  give  differences  in  case 
selection,  small  numbers  and  other  methodological  limitations. 

The  main  focus  of  the  studies  is  on  local  control  of  metastases  and  survival.  Several 
papers  also  report  and  comment  on  clinical /neurological  status  and  a few  deal  more 
specifically  with  QOL  issues.  Indications  are  that  SRS  achieves  worthwhile  benefits, 
though  comparative  performance  with  surgical  management  is  unclear.  Several  papers 
report  results  suggesting  that  total  tumour  volume  is  of  more  prognostic  significance 
than  the  number  of  metastases. 
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Stereotactic  radiosurgery:  an  update 


Brain  tumours 

SRS  treatment  of  primary  brain  tumours,  other  than  acoustic  neuromas,  was  not 
specifically  considered  in  the  1998  AHFMR  report.  In  the  present  report,  separate 
classification  has  been  made  for  studies  on  treatment  of  meningionas  and  pituitary 
tumours.  Studies  on  other  types  of  brain  tumour,  primarily  malignant  lesions,  are 
summarised  in  Table  8.  It  is  of  interest  that  in  the  eight  studies  that  used  linear 
accelerator  technology,  four  used  fractionated  doses.  One  of  these  compared  LINAC 
with  FSRT  and  concluded  that  they  were  equally  effective  but  that  use  of  FSRT  was 
associated  with  a lower  rate  of  complications.  In  the  remaining  papers,  any 
comparisons  with  surgical  and  other  radiotherapy  approaches  were  based  on  literature 
reports  from  other  centres  or  historical  controls.  There  were  six  studies  that  used  the 
GK,  one  of  these  in  association  with  a brachytherapy  technique. 

Five  studies  reported  treatment  of  gliomas,  indicating  relatively  limited  success. 
Abdelaziz  comments  that  unsatisfactory  results  of  SRS  for  GBM  and  fair  results  for 
astrocytomas  reflect  use  of  a highly  focal  treatment  for  the  management  of  diffuse, 
infiltrative  disease.  However,  Alexander  and  Loeffler  suggest  that  SRS  can  result  in 
significantly  improved  survival  and  should  be  considered  for  patients  with  small, 
radiographically  distinct  and  focally  recurrent  GBM.  The  need  for  appropriate  use  with 
surgery  and  other  adjuvant  therapy  is  also  noted. 

Two  of  the  studies  considered  treatment  of  children  and  indicated  useful  results  for 
some  types  of  brain  tumour. 

Nieder  et  al.  have  published  a review  of  treatment  results  for  recurrent  malignant 
gliomas.  They  conclude  that  post  - operative  chemotherapy  and  radiotherapy  appear 
equally  effective,  but  with  differing  toxicity  profiles;  survival  results  of  various 
radiotherapy  methods  are  largely  comparable,  with  a trend  to  improved  results  with 
combined  radiotherapy  and  chemotherapy;  and  that  considerable  toxicity  is  associated 
with  radiosurgery  or  brachytherapy. 

Irish  et  al.  from  analysis  of  cases  in  a clinical/  imaging  data  base,  have  suggested 
that  there  is  evidence  for  selection  bias  in  uncontrolled  trials  of  SRS.  Those  patients 
with  malignant  glioma  deemed  eligible  for  adjuvant  SRS  had  more  favourable 
prognostic  factors  and  significantly  longer  median  survival  than  ineligible  patients. 

SRS  - eligible,  conventionally  - treated  patients  with  GBM  and  a group  of  SRS  -treated 
patients  had  similar  median  survival  times  (16.4  v I9.7mo).  Irish  et  al.  suggest  that  a 
phase  III  study  of  SRS  for  malignant  glioma  would  be  unlikely  to  yield  a positive  result 
and  may  not  be  necessary. 
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Meningioma 

Studies  that  considered  use  of  SRS  for  treating  meningiomas  are  listed  in  Table  9.  All 
were  case  series,  with  some  also  giving  details  of  cases  treated  by  microsurgery. 

Fifteen  of  the  studies  used  the  GK,  6 LINAC  and  3 FSRT.  In  addition,  a study  that  used 
fractionated  XRT  is  included  as  this  was  intended  to  provide  some  comparison  with 
SRS. 

These  papers  give  indications  of  benefits  to  patients  through  a proportion  of  those 
treated  having  tumour  control  and  improvement  of  neurological  symptoms.  Two  of  the 
studies  included  patient  surveys,  which  indicated  high  satisfaction  with  SRS. 

As  with  other  applications  of  SRS,  a variety  of  populations  and  clinical  situations  are 
described.  It  is  not  possible  from  these  studies  to  obtain  any  realistic  comparison 
between  different  types  of  SRS  or  between  SRS  and  other  types  of  treatment.  The  use  of 
FSRT  is  of  interest,  but  the  three  studies  concerned  give  only  preliminary  outcomes. 

A retrospective  UK  study  200  on  efficacy  of  conventional  radiotherapy  for  benign  skull 
base  meningioma  in  82  patients  (1962  to  1992)  found  5 and  10  year  progression  free 
survival  rates  of  92%  and  83%  and  an  overall  10  year  survival  rate  of  71%.  The  authors 
point  to  the  excellent  long  term  control  and  survival  as  being  a baseline  for  evaluation 
of  SRS  and  other  newer  treatments.  A paper  by  Condra  et  al.  201  considered  long  term 
outcomes  for  262  patients  with  benign  meningiomas,  229  treated  by  surgery  alone,  21 
with  surgery  plus  radiotherapy  and  the  remainder  with  radiotherapy  or  SRS  only. 
Actuarial  local  control  at  15y  was  76%  for  those  who  had  had  total  excision  and  87%  for 
those  with  selective  excision  followed  by  radiotherapy.  Selective  excision  alone  was 
inadequate  therapy. 
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Table  9:  Studies  on  treatment  of  meningiomas 
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Stereotactic  radiosurgery:  an  update 


Pituitary  tumours 

Table  10  lists  studies  that  considered  the  use  of  SRS  in  treatment  of  pituitary  tumours. 
Twelve  of  these  used  GK  and  three  linear  accelerator  technology.  One  study  compared 
LINAC  and  FSRT  approaches,  and  recommended  FSRT  in  view  of  relatively  high 
morbidity  in  patients  treated  with  SRS. 

The  remaining  studies  were  all  case  series.  One  of  these  considered  FSRT,  suggesting 
this  was  safe  and  effective  but  that  SRS  might  have  an  advantage  because  of  faster 
reduction  in  overproduction  of  hormones  by  active  tumours.  Further  work  appears 
necessary  to  establish  the  place  of  FSRT  in  this  application. 

A number  of  the  studies  indicated  good  rates  of  tumour  control  and  of  normalization  of 
hormonal  levels.  One  series  with  long  term  follow  up  indicated  the  potential  for 
delayed  complications. 

Other  tumours 

Table  11  lists  six  other  studies  that  considered  use  of  SRS  in  the  treatment  of 
nasopharyngeal  cancer  and  uveal  melanoma.  All  were  case  series. 
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Table  1 0:  Studies  on  SRS  treatment  of  pituitary  tumours 
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Table  10:  Studies  on  SRS  treatment  of  pituitary  tumours  (cont’d) 
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Table  1 0:  Studies  on  SRS  treatment  of  pituitary  tumours  (cont’d) 
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Table  1 1 : SRS  treatment  of  other  tumours 
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Stereotactic  radiosurgery:  an  update 


Parkinson’s  Disease 

In  a general  review  on  surgery  for  Parkinson's  Disease,  Rosenfeld  ^47  notes  the  need  for 
caution  in  use  of  SRS  because  of  the  lack  of  physiologic  guidance  and  confirmation  of 
the  chosen  anatomic  target.  Also,  at  that  stage,  only  small  numbers  of  patients  with 
short  follow  up  had  been  considered  in  published  studies.  An  earlier  report  on 
thalamotomy  using  a GK  had  reported  a 20%  failure  rate,  with  complete  elimination  of 
tremor  in  only  32%  248. 

Four  studies  on  use  of  SRS  for  Parkinson's  Disease  were  identified  and  are  summarised 
in  Table  12.  One  of  these  was  a prospective  comparative  study  with  radiofrequency 
posteroventral  pallidotomy,  which  appears  to  be  of  good  quality.  Treatment  outcomes 
were  equivalent  for  the  mean  follow  up  of  20.6  months,  though  there  is  a latency 
associated  with  the  SRS  treatment  of  at  least  2-3  months. 

With  SRS  in  treatment  of  tremor  associated  with  Parkinson's,  only  case  series  were 
located.  The  large  series  from  Los  Angeles  and  Seattle  include  follow  up  of  over  4 
years,  with  the  authors  concluding  on  the  basis  of  several  studies  reported  in  the 
literature  that  it  is  as  effective  as  RF  thalamotomy  or  deep  brain  stimulation  but  safer 
than  either  of  those  techniques. 

A more  cautious  perspective  on  the  safety  of  SRS  in  treatment  of  Parkinson's  Disease  is 
taken  in  a report  by  Okun  et  al.  249  who  describe  eight  patients  refrerred  over  8 months 
to  a clinic  at  Emory  University,  Atlanta  for  major  complications  associated  with  SRS 
(GK)  for  this  condition.  They  comment  that  their  report  follows  a review  by  Lang  250 
suggesting  there  is  little  reliable  evidence  that  radiosurgery  can  safely  be  applied  to 
patients  with  Parkinson's  Disease.  Okun  et  al.  comment  on  the  delay  in  both  benefits 
and  complications  in  SRS  treatment  and  note  that  in  the  group  referred  to  them  there 
had  been  considerable  spread  to  adjacent  structures,  as  evidenced  by  neurological 
complications  that  had  occurred.  They  also  draw  attention  to  possible  problems  of 
targeting  with  SRS  (though  Young  et  al.  25i  suggest  that  the  results  from  their  series 
indicate  that  imaging  guidance  was  satisfactory)  and  with  lesion  size. 

While  encouraging  results  have  been  reported  by  one  centre,  the  place  of  SRS  in  the 
treatment  of  Parkinson's  Disease  does  not  appear  to  be  established.  Further,  good 
quality,  comparative  studies  are  required  together  with  detailed  consideration  of  the 
benefits  and  limitations  of  this  and  other  options  for  management  of  patients  with 
Parkinson's  Disease  whose  condition  is  refractory  to  drug  treatment. 
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Epilepsy 

Earlier  experience  with  SRS  of  AVMs  had  indicated  that  epilepsy  associated  with  such 
lesions  frequently  improved  following  treatment.  Several  of  the  studies  located  for  the 
present  assessment  refer  to  the  effect  of  SRS  on  seizures  associated  with  the  presence  of 
an  AVM,  and  are  listed  in  Table  5. 

There  appears  to  be  little  in  the  literature  concerning  studies  on  use  of  SRS  for  other 
types  of  epilepsy.  Schrottner  et  al.,  in  a report  from  the  group  at  Graz,  describe  use  of  a 
GK  to  treat  24  patients  with  medically  intractable  epilepsy  associated  with  a tumour  ^56. 
In  most  cases  the  tumour  was  a low  grade  astrocytoma.  Patients  were  treated  using  a 
protocol  that  irradiated  relatively  large  volumes  of  brain  outside  the  tumour  volume. 
With  a mean  follow  up  of  2.3y  (1  - 4.4),  overall  54%  of  patients  became  seizure  free  or 
had  rare  seizures,  and  there  was  worthwhile  improvement  in  a further  17%.  There  was 
a higher  rate  of  excellent  results  (66%)  in  12  patients  who  received  radiation  over  a 
larger  volume  of  brain.  Results  were  also  better  for  temporal  tumours  and  for  cases 
where  epilepsy  had  been  experienced  for  2.5y  or  less. 

Regis  et  al.  ^57  report  follow  up  of  more  than  24  mo  on  a group  of  16  patients  with  drug 
resistant  mesial  temporal  lobe  epilepsy.  In  this  group,  13  were  seizure  free  and  two 
were  improved.  Mean  latency  for  seizure  cessation  was  12.8  mo.  As  pointed  out  by  the 
authors,  this  form  of  epilepsy  has  a good  outcome  following  limited  temporal  lobe 
resection. 

The  efficacy  of  SRS  in  the  treatment  of  epilepsy  appears  not  to  have  been  established 
and  use  of  this  approach  other  than  in  association  with  treatment  for  AVMs  or  brain 
tumours  should  be  regarded  as  experimental. 

Non  head  and  neck  applications 

Preliminary  reports  are  beginning  to  appear  on  the  use  of  newer  LINAC  -based 
approaches  to  treatment  of  conditions  located  outside  the  head  and  neck.  A note  from 
Takacs  et  al.  (Los  Angeles)  ^58  describes  early  experience  in  using  spinal  LINAC  SRS  for 
19  patients  with  26  metastases  in  the  spinal  column.  Median  follow  up  was  207  d.  Of 
23  lesions  available  for  follow  up,  10  decreased,  10  were  stable  and  there  were  three 
treatment  failures.  There  were  five  minor  complications.  Median  charges  for  SRS  were 
$17,095  (1  day  hospital  stay)  compared  with  $39,  588  (10  hospital  days)  for  spinal  open 
surgery. 

Ryu  et  al.  (Stanford)  259  reported  on  the  use  of  the  CyberKnife  for  fractionated  SRS  in 
treating  spinal  lesions.  Preliminary  results  are  presented  for  16  patients  with  AVMs, 
tumours  and  metastatic  disease.  Follow  up  ranged  from  3-48  mo.  No  treatment  - 
related  side  effects  had  been  reported.  Early  follow  up  results  indicated  local  control  in 
6 patients  with  tumours. 
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A paper  by  Uematsu  et  al.  26o  reported  use  of  a CT  - guided  frameless  FSRT  system  to 
treat  50  patients  with  NSCLC,  21  of  whom  were  considered  inoperable.  At  a median 
follow  up  of  36  mo,  30  were  reported  to  be  alive  and  disease  free.  There  had  been  no 
local  progression  in  94%.  Three  year  survival  rates  were  66%  overall  and  86%  in  the 
operable  cases. 
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Cost  and  economic  issues 


Table  13  summarises  recent  cost  and  economic  studies  on  SRS  treatments.  The  results 
from  several  reflect  local  situations  and  are  not  necessarily  generalisable.  That  by 
Porter  et  al.  has  been  referred  to  previously  in  the  section  on  AVMs.  Two  of  the  studies 
indicate  that  a modified  LINAC  approach  is  the  least  costly  option  for  small  caseloads, 
with  a dedicated  SRS  having  the  advantage  for  higher  patient  numbers.  The  Australian 
analysis  by  MSAC  suggests  a cost  advantage  to  LINAC  over  GK  over  a range  of 
scenarios. 

A further  comparison  of  interest  is  provided  by  Maguire  et  al.  who  report  that  the 
professional  charges  at  Duke  University  Medical  Center  are  about  $US1 7,000  for  a 
course  of  FSRT  compared  to  about  $US25,000  for  LINAC  SRS. 

As  suggested  by  the  HTA  report  from  ANAES  there  is  a still  a need  for  good  quality 
economic  studies  and  this  is  hampered  by  the  limited  data  on  clinical  effectiveness  of 
SRS.  Longer  term  consequences  of  SRS  treatment  need  to  be  considered  in  economic 
terms.  There  will  also  be  a need  to  consider  the  costs  and  economic  impact  of  newer 
options  for  SRS,  such  as  the  CyberKnife,  in  relation  to  GK  and  LINAC  approaches. 
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Table  13:  Cost  and  economic  studies  on  radiosurgery 
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Options  and  Requirements  for  Alberta 


The  previous  assessments  from  AHFMR  summarised  some  of  the  issues  related  to  SRS 
that  Alberta  faces.  Caseload  for  the  province  would  be  modest,  with  consequences  for 
the  cost  effective  operation  of  a dedicated  SRS  centre.  Referral  of  patients  out  of 
province,  particularly  to  centres  in  the  USA,  is  expensive  and  there  is  continued 
uncertainty  regarding  the  comparative  merits  of  the  GK  and  LINAC  options  for  SRS 
and  of  SRS  in  comparison  with  microsurgery  and  other  alternatives. 

Referral  outside  the  province  continues  to  be  costly.  Advice  from  Alberta  Health  and 
Wellness  is  that  for  the  period  April  2000  - September  2001  there  were  18  referrals  of 
Alberta  patients  outside  the  country  for  SRS  treatment,  all  but  one  of  these  at  centres 
using  the  GK.  There  were  seven  referrals  each  of  patients  with  acoustic  neuroma  and 
brain  metastases  and  one  each  of  persons  with  arteriovenous  fistula,  astrocytoma, 
trigeminal  neuralgia  and  obsessive-compulsive  disorder.  Two  of  the  treatments  took 
place  in  Germany,  the  remainder  in  the  US.  Average  charges  for  four  acoustic  neuroma 
cases  treated  in  the  US  were  $36,000  and  for  two  treated  in  Germany  $10,500.  Average 
charges  for  treatment  of  five  patients  with  brain  metastases  was  $30,000. 

The  1998  AHFMR  report  mentioned  that  the  charge  per  GK  procedure  in  the  U.S.  was 
estimated  at  $28,000  to  $30,000  per  patient.  Estimated  costs  of  different  treatment 
options  from  the  1998  report  are  shown  in  Table  14  and  included  those  for  a projected 
LINAC  facility  in  the  province,  which  was  not  then  in  place. 

Table  14:  Summary  of  SRS  and  surgery  costs  for  Alberta,  1998 


Treatment  modality 

Cost''  \ / 

LINAC  SRS  Alberta 

$ 4,000 

LINAC  SRS  Ontario 

$ 8,000 -$11,000 

Microsurgery 

$ 9,500 

GK  SRS  United  States 

$ 29,500 

Source:  Schneider  & Hailey,  1998  ' 

The  1998  report  suggested  possible  caseloads  for  patients  in  Alberta  with  AVM, 
acoustic  neuroma  or  brain  metastasis  who  might  benefit  from  SRS.  There  were  an 
estimated  20-30  new  cases  of  AVMs  per  year  and  20-30  new  cases  of  acoustic  neuroma. 
Only  a proportion  of  patients  with  these  conditions  would  be  candidates  for  SRS.  The 
range  for  AVMs  seems  generally  consistent  with  estimates  made  by  Hillman  on  the 
basis  of  data  over  11  years  from  a population  in  Sweden.  Annual  numbers  of 
procedures  per  million  population  were  6-10  for  microsurgery  and  2-7  for 
radiosurgery  and/ or  embolisation  265. 
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Stereotactic  radiosurgery:  an  update 


Since  publication  of  the  earlier  AHFMR  assessments  an  adapted  LINAC  - based  SRS 
facility  has  been  established  in  Calgary  at  the  Tom  Baker  Cancer  Centre,  with  the  first 
patient  being  treated  in  February  2000.  At  present,  the  machine  is  used  only  for 
treatment  of  malignant  tumours. 

Any  further  development  of  SRS  services  in  the  province  should  take  account  of  recent 
technical  developments  and  organisational  issues  on  the  provision  of  radiosurgery 
treatment  within  Alberta.  Discussion  of  such  matters  is  outside  the  scope  of  the  present 
report. 

When  referral  with  other  types  of  conditions  for  SRS  treatment  out  of  province  is  being 
considered,  an  essential  requirement  should  be  that  the  patient  is  treated  at  a centre 
with  considerable  experience  in  management  of  the  condition  in  question,  both  by  SRS 
and  by  other  means.  There  is  no  convincing  evidence  to  support  either  the  GK  or  the 
LINAC  versions  of  SRS  as  being  the  technology  of  choice. 

Consideration  for  referral  should  take  account  of  the  continuing  poor  quality  of 
evidence  of  comparative  benefit  and  of  complications  in  all  applications  of  SRS. 

Additional  options  are  becoming  available  through  the  wider  application  of  FSRT  and 
the  introduction  of  non-cranial  SRS  (the  CyberKnife)  at  some  centres.  These  may 
become  significant  for  treatment  of  a number  of  conditions. 
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Discussion 


The  1998  report  from  AHFMR  found  that  there  were  limitations  in  the  scope  and 
quality  of  the  studies  that  have  been  undertaken  on  SRS.  ''Notable  features  are  the 
absence  of  comparative  studies  of  the  GK  and  LINAC  approaches,  and  the  still  limited 
evidence  from  good  quality  trials  of  the  effectiveness  of  either  method"  i. 

There  has  been  little  improvement  in  this  situation.  Evidence  on  the  efficacy, 
effectiveness  and  economic  impact  of  SRS  remains  very  limited,  with  a notable  lack  of 
credible  studies.  Those  that  use  and  support  SRS  have  not  been  good  at  comparing  the 
clinical  benefits  and  complications  of  this  approach  with  those  of  other  technologies. 

It  was  proclaimed  last  year  that  more  than  100,000  patients  treated  with  SRS  since  the 
technique  was  first  described  in  1951  but  it  is  striking  that  this  level  of  activity  has 
occurred  without  strong  evidence  on  benefits  and  risks.  Some  of  the  conditions  and 
clinical  situations  for  which  SRS  has  been  used  do  present  challenges  for  assessment. 
Also,  several  of  the  major  SRS  centres  have  usefully  documented  their  experience  over 
many  years.  Nevertheless,  as  noted  by  every  HTA  report  yet  prepared,  there  are  no 
studies  that  clearly  establish  the  efficacy  or  effectiveness  of  SRS  relative  to  other  options 
in  any  application  (other  than  use  of  WBRT  alone  for  brain  metastasis)  or  of  different 
forms  of  SRS  relative  to  each  other.  This  is  a dismal  record. 

SRS  has  an  accepted  place  in  the  treatment  of  a number  of  conditions  as  an  option 
where  microsurgery  is  not  possible  and  as  an  adjunct  to  surgical  and  other  approaches. 
A number  of  commentators,  including  users  of  both  LINAC  and  GK  versions  of  SRS, 
have  noted  the  need  for  a multidisciplinary  approach,  with  the  technology  being  seen  as 
complementary  to  other  treatments,  notably  microsurgery.  This  should  be  a key  to  any 
choices  for  referral  of  patients  from  Alberta.  Either  LINAC  or  GK  SRS  appear  to  be 
acceptable  choices  if  SRS  is  to  be  used. 

New  options  in  this  area,  including  the  CyberKnife  and  wider  use  of  ESRT,  show 
promise  and  are  likely  to  be  of  increasing  significance.  However,  as  with  SRS, 
convincing  evidence  of  their  efficacy  and  cost  effectiveness  will  be  required. 

As  suggested  in  the  1998  AHEMR  report,  decisions  on  whether  to  refer  individual 
patients  for  SRS  will  continue  to  require  careful  consideration  of  history  and  diagnostic 
findings  by  the  specialists  concerned  and  of  the  information  on  SRS  efficacy  in  each 
application,  as  suggested  by  this  and  other  assessments. 
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Appendices 


Appendix  A:  Methodology 

Search  Strategy 


’ Databases  Searched 

Subject  headings  (Bolded)  and  Textwords  combinations 

PubMed  (Limited  search  to 
1997-  January  24,  2002) 

radiosurgery  OR  “stereotactic  radiosurgery”  OR  “gamma  knife” 

OR 

(linac  OR  linear  accelerator*  OR  particle  accelerators)  AND 
(stereotactic  OR  stereotaxic) 
the  above  terms  AND 

publication  type;  clinical  trial  (limited  to  human  studies) 

OR 

publication  type:  meta-analysis  (limited  to  human  studies) 

OR 

publication  type:  practice  guideline  (limited  to  human  studies) 

OR 

publication  type:  randomized  controlled  trial  (limited  to  human  studies) 
OR 

publication  type:  review  (limited  to  human  studies) 

OR 

in  process  records 
OR 

publisher  supplied  records 
OR 

case  report 
OR 

comparative  study 
OR 

economics 

OR 

costs  and  cost  analysis 
OR 

treatment  outcome 
OR 

outcome  and  process  assessment  (health  care) 

OR 

Canada 

=1070  references 
OR 

radiosurgery  OR  “stereotactic  radiosurgery”  OR  “gamma  knife”  (limited 
to  human  studies) 

AND 

case-control  studies 
=231  references 
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EMBASE  (Ovid)  (1997- 
September  2001) 

Limited  to  human  studies 

exp  *radiosurgery/  or  (gamma  knife  or  linac  or  linear  accelerator  or 
particle  accelerator). mp.  [mp=title,  abstract,  subject  headings,  drug 
trade  name,  original  title,  device  manufacturer,  drug  manufacturer 
name]  and  stereotactic. mp. 
and 

exp  clinical  trial/  or  exp  randomized  controlled  trial/  or  exp  major  clinical 
study/  or  exp  meta  analysis/  or  exp  practice  guideline/  or  exp  case 
control  study/  or  exp  case  report/  or  exp  comparative  study/  or  exp 
review/  or  exp  economics/  or  exp  cost/  or  exp  cost  benefit  analysis  or 
exp  cost  effectiveness  analysis/  or  exp  cost  utility  analysis/  or  exp 
health  care  cost/  or  exp  treatment  outcome/  or  exp  Canada/ 

=406  references 

CINAHL  (Ovid)  (1997- 
November  2001) 

Limited  to  human  studies 

exp  *radiosurgery/  or  (gamma  knife  or  linac  or  linear  accelerator  or 
particle  accelerator). mp.  [mp=title,  abstract,  subject  headings,  drug 
trade  name,  original  title,  device  manufacturer,  drug  manufacturer 
name]  and  stereotactic.mp. 
and 

exp  clinical  trial/  or  exp  randomized  controlled  trial/  or  exp  major  clinical 
study/  or  exp  meta  analysis/  or  exp  practice  guideline/  or  exp  case 
control  study/  or  exp  case  report/  or  exp  comparative  study/  or  exp 
review/  or  exp  economics/  or  exp  cost/  or  exp  cost  benefit  analysis  or 
exp  cost  effectiveness  analysis/  or  exp  cost  utility  analysis/  or  exp 
health  care  cost/  or  exp  treatment  outcome/  or  exp  Canada/ 

=7  references 

PsycINFO  (Ovid)  (1997- 
November  2001) 

exp  *radiosurgery/  or  (gamma  knife  or  linac  or  linear  accelerator  or 
particle  accelerator). mp. 

=3  references 

EBM  Reviews  - ACP 
Journal  Club  (Ovid)  (1991- 
March/April  2001 ) 

gamma  knife.mp  or  stereotactic  radiosurgery.mp.  or  radiosurgery.mp. 
=0  references 

Web  of  Science  (Science 
Citation  Index  and  Social 
Science  Citation  Index) 

(1997-2002) 

(gamma  knife  OR  stereotactic  radiosurgery)  AND  (trial?  OR 
comparative  OR  comparison  OR  meta  analysis  OR  outcome?  OR  cost? 
OR  economic?  OR  control*) 

=379  references 

The  Cochrane  Library 

(Issue  4,  2001) 

stereotactic  radiosurgery  or  gamma  knife 

=2  protocols,  3 DARE  references,  23  controlled  clinical  trials,  19  HTA 
Database  references  and  6 NHS  EED  references 

The  Cochrane  Library 

(Issue  1 , 2002) 

gamma  knife 

=3  protocols  (nothing  else  new  from  first  search) 

Other  sources 

The  web  sites  of  other  HTA  agencies  (per  the  CCOHTA  checklist)  were 
also  checked  individually. 

Using  the  search  a total  of  1,390  abstracts  were  identified. 

From  these,  332  publications  were  obtained  for  further  inspection  (nine  were  referred  to 
only  on  the  basis  of  abstracts).  Seventeen  of  these  had  been  previously  considered  in 
the  earlier  AHFMR  reports. 

Abstract  selection  and  data  abstraction  were  undertaken  by  the  author. 
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Inclusion  criteria 

Papers  were  considered  for  inclusion  if  they  reported  outcomes  of  stereotactic 
radiosurgery  treatments  on  humans,  or  alternative  approaches  to  management  of  the 
same  conditions  that  were  being  treated  with  radiosurgery.  No  restriction  was  placed 
on  study  design,  but  consideration  of  SRS  case  series  was  limited  to  those  with  patient 
numbers  of  20  or  more.  There  were  no  language  restrictions.  All  reports  that  provided 
details  of  cost  or  economic  studies  were  included. 

Also  considered  were  previous  health  technology  assessments  and  systematic  or  good 
quality  narrative  reviews  dealing  with  the  use  of  stereotactic  radiosurgery. 

Exclusion  criteria 

Excluded  from  consideration  were  clinical  case  series  using  SRS  with  fewer  than  20 
patients;  technical  descriptions  of  apparatus,  dose  calculations;  procedural  descriptions; 
imaging  and  treatment  planning  approaches. 

Data  extraction 

Clinical  studies 

1.  Details  of  the  article:  authors,  journal,  year,  language  of  publication  and  sources  of 
funding; 

2.  study  design:  study  type,  number  of  centres,  period  of  study  , comparators  used 

3.  study  size:  numbers  of  patients  selected,  treated  and  followed  up 

4.  condition  being  treated:  severity/  stage  of  condition 

5.  interventions:  type  of  radiosurgery;  other  treatment  technologies; 

6.  outcomes:  nature,  how  measured,  time  of  follow  up,  numbers  followed  up 
Cost  studies 

Details  of  the  article:  authors,  journal,  year,  language  of  publication  and  sources  of 
funding 

Type  of  study 

Condition  or  conditions  being  treated 

Type  of  intervention 

Setting 

Comparator 

Basis  of  cost  and  other  data 
Discounting,  sensitivity  analysis 
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